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金属氧化物，本论文主要研究电子中介体对 S. xiamenensis还原 Cr(VI)的影响和
探究电子中介体介导 S. xiamenensis还原 Cr(VI)的机制，主要包括以下三部分：
（I）探究可溶性的醌类化合物对 S. xiamenensis 还原 Cr(VI)的影响；（II）探究
固态的醌类化合物对 S. xiamenensis 还原 Cr(VI)的影响；（III）采用多种表征方
式探究醌类化合物介导 S. xiamenensis还原 Cr(VI)的机制。结论如下： 
1、采用三种不同的可溶性醌类化合物蒽醌-2,6-磺酸钠（AQDS）、辅酶 Q
和 2-羟基-1,4-萘醌（NQ）分别介导 S. xiamenensis还原 Cr(VI)，其中 NQ能显著
促进S. xiamenensis对Cr(VI)的还原，Cr(VI)的还原量和还原速率分别是50 mg· L-1
和 74 mg· L-1· h-1· g cell-1。经过 121℃处理的 NQ比 25℃处理的 NQ，其介导 S. 
xiamenensis还原 Cr(VI)的能力更强。 
2、NQ介导 S. xiamenensis还原 Cr(VI)的机制包括直接还原和间接还原。直
接还原是 S. xiamenensis 直接还原 Cr(VI)和利用纳米导线促进 Cr(VI)的还原。间





Cr(VI)，Cr(VI)的还原量和还原速率分别为50 mg· L-1和99 mg· L-1· h-1· g cell-1, 比
NQ介导 S. xiamenensis还原 Cr(VI)快。 
4、进一步将负载材料制备成 NQ/GO 和 NQ/GO/PVA膜，介导 S. xiamenensis





































Chromium is a commom industrial chemical used in tanning, leather, plating 
chrome and manufacturing steel. The improper treatment of industrial effluents 
containing chromium can result in the contamination of environment, eventually 
threatening health of plants and animals. There are two stable environmental forms of 
hexavalent chromium(Cr(VI)) and trivalent chromium (Cr(III)). Cr(VI) has more 
toxicity than that of Cr(III). Therefore, the reduction of Cr(VI) to Cr(III) means a 
potential detoxification process that might be achieved chemically or biologically. 
This study adopts the biological reduction method. Shewanella xiamenensis is a 
dissimilatory metal reduction bacterium that can reduct a variety of metal oxide. 
Therefore, the research mainly aimed to explore the electronic intermediaries 
mediated Cr(VI) reduction mechanism of S. xiamenensis. This study includes the 
following three parts:(I) exploringthe effect of soluble quinone compounds on Cr (VI) 
reduction by S. xiamenensis. (II) exploring the effect of in soluble quinone 
compounds on Cr (VI) reduction by S. xiamenensis. (III) analysing the mechanisms of 
quinone compounds mediated Cr(VI)reduction mechanism by S. xiamenensis with a 
variety of characterization methods. The main conclusion could be summarized as 
below: 
1. The 2-hydroxy-1,4-naphthaquinone (NQ) was the most suitable quinone 
compand to enhance Cr(VI) reduction rate by S. xiamenensis. 50 mg· L
-1
 Cr(VI) could 






. The NQ after 
treatment with 121℃ had a better effect on Cr(VI) reduction than that of 25 ℃ 
treatment. 
2. The mechanisms of NQ mediated Cr(VI) reduction of S. xiamenensis include 
direct reduction and indirect reduction. The direct reduction of Cr(VI) by S. 
xiamenensis was probably through pili nano wires. The indirection reduction was 
















changed to semiquinone for Cr(VI) reduction. The semiquinone was oxidized by 
Cr(VI). The quinone turned to original state and concentration. 
3. The NQ modified graphene was prepared to form solid quinone compands for 
Cr(VI) reduction by S. xiamenensis. The solid quinone compands dispersed in culture 
medium, thus improved Cr(VI) reduction. 50 mg· L
-1
 Cr(VI) was reduced in 36 h. The 






, which was higher than NQ mediated Cr(VI) 
bioreduction. 
4. The solid quinone compands were prepared to form NQ/GO and NQ/GO/PVA 
membrane, which could improve Cr(VI) reduction rate by S. xiamenensis. 50 mg· L
-1
 







it was slower than NQ mediated Cr(VI) bioreduction, the membrane could be 
recycled and reused. And their effects on mediated Cr(VI) reduction of S. xiamenensis 
still existed. The bacterium was adsorpedon the surface of membrane based on SEM 
analysis, and then promoted Cr (VI) reduction by S. xiamenensis. 
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图 1.1 微生物与铬作用的原理总结图[5] 





[3, 6, 7]，许多的细菌种，包括 Pseudomonas，Bacillus，Arthrobacter等都可以在厌






















可以通过化学反应来还原 Cr(VI)[2, 8]，例如抗坏血酸能够还原 Cr(VI)，核黄素派
生物 FAD和 FMN是铬酸盐黄素酶的必要辅酶[2]。这些物质都可以不经过微生物
而直接通过化学作用将 Cr(VI)还原为 Cr(III)。 
 
表 1.1 真菌和细菌通过吸附去除 Cr(VI)[5] 











Pseudomonas sp. 200 66 
[9]
 
Arthrobacter viscosus 100 64 
[10]
 















































Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
